Triterpene hexahydroxydiphenoyl (HHDP) esters have only been isolated from Castanopsis species, and the distribution of these esters in nature is of chemotaxonomical interest. In this study, the chemical constituents of the leaves of Castanopsis fissa were examined in detail to identify and isolate potential HHDP esters. Together with 53 known compounds, 3, 4-di-O-galloyl-1-O-purpurogallin carbonyl quinic acid (1) and 3, 24-(S)-HHDP-2α, 3β, 23, 24-tetrahydroxytaraxastan-28, 20β-olide (2) were isolated and their structures were elucidated by spectroscopic and chemical methods. The polyphenols of the leaves were mainly composed of galloyl quinic acids, triterpenes HHDP esters, ellagitannins and flavonol glycosides. In particular, the isolation yields of 1,3,4-trigalloyl quinic acid and the new compound 2 were 1.53 and 0.27%, respectively, from the fresh leaves. The presence of lipid soluble HHDP esters of oleanane-type triterpenes as one of the major metabolites is an important chemotaxonomical discovery. Lipase inhibition activities and ORAC values of the major constituents were compared. The new triterpene HHDP ester showed moderate lipase inhibition activity and myricitrin gave the largest ORAC value.
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Introduction
Ellagitannins are a group of plant polyphenols with various biological activities (Quideau, 2009 ). The molecules are basically esters of hexahydroxydiphenoyl (HHDP) and related acyl groups with polyalcohols, typically D-glucose (Nonaka, 1989; Okuda et al., 1989) . The structural variation in the polyalcohol cores and acyl groups is important from the viewpoint of plant chemotaxonomy (Haddock et al., 1982; Okuda et al., 2000) . Castanopsis species (Fagaceae) are the only genus containing ellagitannins with triterpene alcohol cores; however, only two species, C. cuspidata var.
sieboldii in Japan and C. hystrix in Taiwan, have been investigated (Ageta et al., 1988; Chen et al., 1993) . Therefore, in order to expand the chemotaxonomical study and to develop new procedures that make use of the tree resources of southern China, we have initiated a project to reveal the chemical constituents of Chinese Castanopsis species. This paper describes a detailed investigation of the constituents of the leaves of C. fissa, which is a fast-growing evergreen tree commonly distributed and planted in the southern regions of China and Vietnam.
Results and Discussion
The fresh leaves were extracted with 80% aqueous acetone, and the extract was subjected to a combination of column chromatography using Sephadex LH-20, Diaion HP20SS, Chromatorex ODS and silica gel to give 55 compounds, including two new compounds 1 and 2 ( Table 1) . The known compounds were identified by comparing their spectral data with data acquired on authentic samples and reported in the literature. The major constituents are polyphenols, including galloyl quinic acids, galloyl and HHDP glucoses, flavonol glycosides, and HHDP esters of triterpenes. In particular, the isolation yields of 1,3,4-trigalloyl quinic acid and the new compound 2 were 1.53 and 0.27%, respectively, from the fresh leaves. The quinic acid derivatives were named according to the IUPAC system (IUPAC, 1976) .
The new compound 1 (Fig. 1 ) was a minor species obtained as a reddish-brown amorphous powder. UV absorptions at 406 and 284 nm indicated the presence of a chromophore with yellow color, and a dark blue coloration with an FeCl 3 reagent suggested the presence of 1,2,3-trihydroxybenzene rings. The 1 H NMR spectrum (Table 2) was closely related to the spectral data of 1,3,4-trigalloyl quinic acid (Xu et al., 2008) . The location of the acyl groups was apparent from the large low field shifts of the H-3, H-4, and the equatorial protons at C-2 and C-6, which were assigned based on their mutual W-letter type long-range couplings (3 Hz). The low field shifts of these equatorial protons were due to the anisotropic effects of the ester carbonyl group attached to the C-1 hydroxyl group. Two of the three acyl groups were galloyl groups (δ 6.86 and 7.08), and the remaining one showed three aromatic singlet signals at δ 7.03 (H-f), 7.55 (H-c) and 8.14 (H-e). In the 13 C-NMR spectrum (Table 2) , twelve signals attributable to the conjugated ester and ketone carbonyls (δ 166.1 and 183.5) and ten aromatic carbons were assigned to the acyl group. The chemical shifts of the signals were in good agreement with those of purpurogallin carboxylic acid (Nonaka et al., 1986) . Fig. 2 confirmed the benzotropolone structure. The location of two galloyl groups at the C-3 and C-4 was apparent from the HMBC correlations of H-3 and H-4 to the galloyl ester carbons; therefore, the purpurogallin carbonyl group was determined to be attached to the C-1 hydroxyl group. Based on these spectroscopic results, the structure of 1 was concluded to be 3, 4-di-O-galloyl-1-O-purpurogallin carbonyl quinic acid. This compound is presumably formed by oxidative coupling between 1,3,4-trigalloyl quinic acid and gallic acid (Nonaka et al., 1986) .
Compound 2 was isolated as one of the major metabolites (1.53% from the fresh leaves) from hydrophobic fractions strongly adsorbed on reversed-phase gels. The fractions also contained castanopsinin E (4) and 3,24-(S)-hexahydoxydiphenoyl-2α,3β,23,24-tetrahydroxyolean-12-en-28-oic acid (3) (Ageta et al., 1988) . Compound 3 has previously been reported only as a degradation product of 4 and detailed spectroscopic data were not shown; therefore, the structure was determined independently by chemical and spectroscopic examination, including two-dimensional NMR techniques (see experimental section and Table 3 ). Compound 2 gave a dark blue coloration when mixed with the FeCl 3 reagent and a brown coloration with a NaNO 2 -AcOH reagent. These observations are similar to those of 3 and 4, and suggest the presence of a HHDP group in the molecules (Bate-Smith et al., 1972) . The 1 H and 13 C NMR spectra of 2 were also related to those of 3, and showed signals arising from a HHDP group and a triterpenoid moiety (Table 2 ). Chemical shifts of the proton and carbon signals attributable to triterpene A/B rings and C-23, 24, and 25 were essentially superimposable with those of 3, suggesting structural similarities. Large low field shifts of the H-3 (δ 5.86) and H-24 (δ 3.98 and 5.40) indicated the esterification of these positions with the HHDP groups. Clear differences between the NMR spectra were the absence of the signals that were due to the double bond at C-12(13) and the appearance of an oxygenated quaternary carbon signal at The atropisomerism of the HHDP biphenyl bond was determined by methylation and subsequent methanolysis, which yielded dimethyl (S)-hexamethoxydiphenoate (2a) ([α] D 25.5º) (Ikeya et al., 1979 ) and a tetrahydroxy triterpene lactone 2b. The triterpene 2b has not been previously reported.
Based on these results, compound 2 was characterized as 3,24-(S)-HHDP-2α, 3β, 23, 24-tetrahydroxytaraxastan-28, 20β-olide.
The compounds 2 and 3 were amphiphilic compounds with hydrophobic triterpene and hydrophilic HHDP esters. As such, these compounds were isolated from both the Et 2 O and aqueous layers. In contrast, compound 4 was obtained only from the aqueous layer. Partition coefficients between n-octanol and water (log P octanol/water ) at 25 °C of 2, 3 and 4 were 2.88, 2.64 and 1.78, respectively. Therefore, compounds 2 and 3 are unusual metabolites with both features of water-soluble ellagitannins and lipid soluble triterpenoids (Tanaka et al., 1997) . Due to the physicochemical characteristics, we examined whether these compounds showed lipase inhibition activities. Five major compounds, including compound 2 (40.4 ± 15.5% inhibition), 1,3,4-trigalloyl quinic acid (28.5 ± 6.7% inhibition), 1,4-digalloyl quinic acid (29.0 ± 7.1% inhibition), myricitrin (64.7 ± 10.0% inhibition) and pedunculagin (77.6 ± 4.9% inhibition) were compared at 5 μg/ml (Jeevanandam et al., 1989; Han et al., 1999, Kusano et al., in press ). Among the compounds tested, pedunculagin and myricitrin showed inhibition comparable to the positive control (Orlistat, 67.9 ± 1.5% inhibition), and the activity of 2 was moderate. Oxygen radical absorbance capacity (ORAC) of the 10 major compounds were also compared ( Table 4 ) and myricitrin was observed to show the strongest antioxidation activity (Prior et al., 2005) . Comparison of the values for 2-4 suggested that hydrophilic compounds showed stronger activity among triterpene HHDP esters. Pedunculagin is more hydrophilic compared to its 1-O-galloyl ester and gave rise to a larger ORAC value.
Conclusions
The presence of triterpene HHDP esters as major components of secondary metabolites (Table 1) is important from a chemotaxonomical viewpoint. Although galloyl esters of triterpenes have been isolated from a few Combretaceous and Fagaceous plants (Ponou et al., 2008; Garcez et al., 2006; Conrad et al., 1998; Romussi et al., 1993) , isolation of HHDP esters has only been achieved from two Castanopsis species (Ageta et al., 1988 , Chen et al., 1993 , and the present study represents the third example from the same genus. The compositions of the triterpene HHDP esters of C. fissa are much simpler than those of the other two species examined, which contain complex mixtures of isomers, including those with oleanane and ursane type triterpene cores, and positional and configurational isomers of the esters (Ageta et al., 1988) . The observed large accumulation of 2 is a characteristic feature of C. fissa. The HHDP esters are produced from oxidative coupling of two galloyl groups; however, triterpene galloyl esters were not found. A further difference is that C. fissa accumulates 1,3,4-tri-O-galloyl quinic acid (25.4% from the extract and 1.53% from fresh leaves),
whereas C. cuspidata var sieboldii contains 3-O-galloyl shikimic acid (1.7% from fresh leaves) (Nonaka et al., 1985) . Since reports suggest that galloyl quinic acids have inhibitory activities against HIV reverse transcriptase (Nonaka et al., 1990; and human DNA polymerases (Parker et al., 1989) , the leaves of C. fissa represent a promising source of galloyl quinic acids. Chemotaxonomical studies of Chinese Castanopsis species are currently underway.
Experimental

General experimental procedures
UV spectra were obtained using a Jasco V-560 UV/Vis spectrophotometer and optical rotations
were measured with a Jasco DIP-370 digital polarimeter (Jasco Co., Tokyo, Japan 
Extraction and separation
The of 2 (2a and 2b) The hexamethyl ether of 2 (78 mg) was treated with 3% (C-28). -2α,3β,23,24-tetrahydroxyolean-12-en-28-oic acid 
3,24-(S)-Hexahydroxydiphenoyl
Measurement of Pancreatic Lipase Inhibitory Activity
Lipase inhibitory activity was measured using previously published methods (Jeevanandam et al., 1989; Han et al., 1999; Kusano et al., in press) . Orlistat was used as the positive control. The substrate solution was prepared by sonication (10 min in an ice bath) of a mixture of glyceryl trioleate (80 mg), lecithin (10 mg), and sodium cholate (5 mg) suspended in 9 ml of 0.1 M TES buffer (pH 7.0). Samples were separately dissolved in 0.1 M TES buffer to make 0.2 mg/ml solutions.
The substrate (20 μl) and sample solutions (20 μl) in microplate wells were preincubated for 3 min, then 10 μl of a lipase solution (20 μg/ml) was added to each reaction mixture and incubated for 30 min at 37 °C. The amount of released fatty acid was measured by a NEFA C test kit (Wako, Japan) at 550 nm using an Emax microplate reader (Molecular Devices, CA). Inhibitory activity ( Measurements were performed in triplicate and the mean ± SD was shown in the text.
Measurement of the ORAC values
Measurement of the ORAC values was performed using previously described methods (Prior et al., 2003; Tseye-Oidov et al., 2010) . Briefly, test samples were dissolved in acetone-water-acetic acid (70:29.5:0.5, v/v) (1 mg/mL), and then appropriately diluted ( Nishimura, H., Nonaka, G., Nishioka, I., 1984 . Seven quinic acid gallates from Quercus stenophylla.
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Nishizawa, M., Yamagishi, T., Nonaka, G., Nishioka, I., 1982. Tannins and related compounds. Part 5. Isolation and characterization of polygalloylglucoses from Chinese gallotannin. J. Chem. Soc. Table 4 . ORAC values of major compounds obtained from C. fissa . gallic acid 6.4 1,3,4,6-tetra-O -galloyl--D-glucose 3.1 1,4,5-tri-O -galloylquinic acid 6.5 1,4-di-O -galloylquinic acid 7.0 pedunculagin 6.4 1(β)-O -galloyl pedunculagin 3.5 compound 2 1.5 compound 3
Figure legends
2.1 compound 4 6.0 myricitrin 11.3 mmol Trolox equivalent/g
